Background Background
Correlation estimates are required in most applications in finance (asset pricing models, capital allocation, risk management, option pricing and hedging).
Several studies have documented the time-variability of correlation (Von Fustenberg and Jeon, 1989; Koch and Koch, 1991; Erb et al, 1994; Longin and Solnik, 1995) .
A wide variety of conditional correlation models exists.
A main limitation of these approaches: they are based on a historical information set.
Motivation Motivation
The market forecast of future correlation implied by option prices is an appealing measure and its properties have not been studied in the literature.
Option prices have been widely used in order to obtain implied volatilities.
Studies on the predictive ability of implied volatility found that the implied volatility provides incremental information on future volatility not included in historical forecasts.
Only a limited number of studies has used option prices to derive implied correlation measures and only for currency options.
This Paper This Paper --Contributions Contributions
A new methodology for constructing an implied correlation index from option prices is proposed.
The proposed methodology is applied to the Dow Jones Average (DJIA) index option prices.
The daily dynamics of the implied correlation index are examined.
We explore whether several stylized facts about correlation are also present in the implied correlation index.
Finally, the forecasting performance of implied correlations is assessed. The variance of a portfolio consisting of N assets is the following:
The Implied Correlation Index (CIX) is defined as the correlation ρ t that if used instead of the N(N-1) individual correlations will result to the same portfolio variance, i.e.
CIX is a measure of the average level of correlation in the portfolio. 
Construction of the Implied Correlation Construction of the Implied Correlation Index Index
CIX is estimated using the implied volatility from the portfolio option, σ P,t , and the implied volatilities from options on each of the portfolio assets, σ i,t .
Thus, options on the assets portfolio as well as options on the individual assets are required.
For the calculation of CIX over a T-day horizon, implied volatilities should be derived by options with the same time-to-maturity, T. Maximum CIX:
CIX represents how far lies the portfolio variance between the minimum variance (assuming zero correlations) and the maximum variance (assuming perfect correlations). 
Application of CIX to index options Application of CIX to index options
This study provides an application of CIX to index options, since:
Index options are widely traded in several international exchanges.
Both stock and index prices are usually assumed to follow geometric Brownian motion for option valuation purposes.
CIX calculated from an index option provides a measure of the market portfolio diversification in the specific market represented by the underlying index.
Empirical Application: Methodology (1) Empirical Application: Methodology (1)
An implied correlation index for DJIA index (called DJCIX) is constructed based on equation (3).
We construct implied volatility indices for the DJIA and the constituent stocks (Whaley, 1993).
For each stock and the index, a synthetic ATM implied volatility with 30 calendar days to maturity is computed using 4 OTM options, 2 calls and 2 puts at the strike prices closest to the money and the 2 maturities closest to 30 calendar days.
A number of filtering rules were applied.
We use the Black-Scholes (1973) and Merton (1973) option pricing model for the European options on DJIA index.
We use the cash-dividend adjusted binomial method for the American stock options.
The synthetic ATM volatilities were adjusted to a trading day basis.
DJCIX represents the weighted average of all ATM implied pairwise correlations with constant maturity (22 trading days). 
Data Data

Univariate properties Univariate properties
The standard deviation of DJCIX levels and changes is higher than the standard deviation of DJVIX levels and changes, respectively.
DJCIX ranges from 0.2927 (02/02) to 0.8826 (07/02).
The distribution of DJCIX is positively skewed and leptokurtic.
The normality assumption is rejected.
Autocorrelation Structure Autocorrelation Structure
The first-order autocorrelation of DJCIX is significantly high, equal to 69%.
The first-order autocorrelation of DJCIX changes indicates a significant negative autocorrelation structure.
The autocorrelation structure of DJVIX is similar to the one reported on other volatility indices.
Cross Cross --Correlations Correlations
Significant negative cross-correlation coefficients between the DJCIX changes and the contemporaneous DJIA index returns.
A significantly positive and large correlation between the implied correlation index changes and the current implied volatility index changes.
While correlations tend to increase during high volatile periods, they tend to decrease before and after them.
Intraweek Behavior of DJCIX Intraweek Behavior of DJCIX
We regress the DJCIX changes on five day-of-the week dummy variables:
Results indicate that no intraweek patterns exist in the DJCIX behavior. We examine the correlation asymmetry with the following two regressions:
Model 1 The results from regression indicate a strong negative contemporaneous relationship between DJCIX changes and the DJIA index returns.
No significant relationship exists between the lagged DJIA index returns and the correlation index changes.
We find evidence of asymmetric responses of the correlation index changes to contemporaneous DJIA index returns.
Correlation and Volatility Co Correlation and Volatility Co --movement (1) movement (1) Correlation and Volatility Co Correlation and Volatility Co --movement (2) movement (2)
We investigate this relationship by conducting the following regression:
Results:
Only the coefficients of the contemporaneous and the five lag DJVIX changes are significant. 
